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Abstract Radiation charactcnstics of a right isosceles triangnlar microstrip antenna (RITMA) simciure on a biased ferrite substrate arc
iiivesligatcd theoretically in this paper by applying Green’s function and vector potential technique. The analysis is carried out in TM,, mode of 
cXLiiaiion that predicts a larger bandwidth than similar antenna on a non-magneiic dielectric substrate F^'ar field radiation patterns, impedance 
clidiactcrLstics, quality factor and directivity of antenna are computed theoretically as a function o1 bias field strength Outcomes of present 
iiiustigjlions may be applied in designing swilchable and frequency agile fciriic RITMA structures,
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1. Introduction
\ m ic ro s t r ip  a n te n n a  c o n s is t s  o f  a m e ta l l ic  p a tch  o r  an  a rra y  o f  
paiches p r in te d  o n  a  n o n -m a g n e t ic ,  lo w  lo s s  d ie le c t r ic  su b s tra te  
with a la rg e  g ro u n d  p la n e . G e n e r a l ly  lo w  b a n d w id th  and  lo w  
d ire ctive  g a in  o f  th e se  a n te n n a s  r e s t r ic t  th e ir  a p p l ic a t io n  in  
scvei al f ie ld s . E n o u g h  th e o re t ic a l and  e x p e r im e n ta l w o rk  on  these 
an tennas |1 , 2 ]  p a r t i c u la r l y  o n  r e c t a n g u la r  a n d  c i r c u l a r  
[geometries h a s  b e e n  c a r r ie d  o u t  b u t a  l i t t le  a m o u n t o f  w o rk  on  
ir iangu la r g e o m e t r ie s  h a s  b e e n  re p o r te d . M o s t  o f  th is  w o rk  on  
iiia n g u la r  g e o m e t r ie s  is  l im it e d  u p  to  E q u i la t e r a l  T r ia n g u la r  
M ic ro s tr ip  A n t e n n a  [3 ,4 ] . S e r io u s  e f fo r t s  h a v e  b ee n  m ad e  to  
•hiprove the b a n d w id th  an d  g a in  o f  m ic r o s t r ip  an tenn as  in c lu d in g  
app lica tion  o f  lo w  p e r m it t iv i t y  a n d  e le c t r i c a l ly  t h ic k  d ie le c t r ic  
'substrates. W ith  th e  c u r r e n t  in te re s t  in  in te g ra te d  an te n n a s  and 
m ic row ave  c i r c u it r y ,  a d v a n c e m e n ts  in  th in  f i lm  te c h n o lo g y  and 
ava ilab ility  o f  lo w  lo s s  c o m m e r c ia l  m ic r o w a v e  fe r r ite  substra te s, 
'hany new  p o s s ib i l i t ie s  h a v e  e m e rg e d  fo r  th e  c o n t ro l o f  an tenna  
cha rac te ris t ic s . H a n d e r s o n  e t a l  [5 ] re p o r te d  th e  use  o f  a b ia sed  
ite su b s tra te  to  p o n t ro l p a t te rn s  o f  a  m ic r o s t r ip  an tenn a  w h ile  
^as ct al [6] te s te d  m ic r o s t r ip  a n te n n a s  o n  u n b ia s e d  fe r r it e  
f'Ubsirate. B la d e l  [7] u s e d  in h e re n t  a n is o t ro p y  an d  n o n re c ip ro c a l
CNorrc.sponding Author.
p ro p e rt ie s  o f  fe r r ite  m a te r ia ls  fo r  an tenn a  p o la r is a t io n  d iv e r s it y .  
B y  f o r c in g  fe r r it e  su b s t ra te  in to  c u t o f f  s ta le  u n d e r  e x te rn a l 
b ia s in g , b eam  s te e r in g  18], p a tte rn  sh ape  c o n t ro l and  rad a r c ro s s -  
s e c t io n  ( R C S )  c o n t ro l [9] a re  a ls o  o b ta in e d . S h r iv a s ta v a  et al  
110] in ve s t ig a te d  the e ffe c t o f  b ia s in g  m a g n e t ic  f ie ld  o n  tu n a b il i ly  
o f  a re c ta n g u la r  m ic ro s t r ip  an tenn a  w h ile  D ix i t  e ta l  [ 11] a p p lie d  
fe r r ite  su b s tra te s  in  a r ra y  d e s ig n .
T h is  p a p e i d e s c r ib e s  th e o re t ic a l r a d ia t io n  p ro p e r t ie s  o f  a 
r ig h t is o s c e le s  t r ia n g u la r  m ic r o s t r ip  an te nn a  ( R I T M A )  p r in te d  
o n  a t y p ic a l fe r r it e  su b s tra te  N i ,  0 6 2 ^^ 0^ .0 2 *^^ i 9 4 8 ^ 4 ^^ a p p ly in g  
G re e n 's  f u n c t io n  an d  v e c to r  p o te n t ia l te c h n iq u e  and  re su lts  a re  
p re sen ted  s y s te m a t ic a lly .
2. Antenna geometry and coordinate system
A  r ig h t  is o s c e le s  t r ia n g u la r  m ic r o s t r ip  an tenn a  w ith  s id e  le n g th s  
fl, a and  is  c o n s id e re d  ly in g  in  X Y  p la n e  o v e r  a la rg e  g ro u n d
p la n e  w ith  su b s tra te  th ic k n e s s  (h «  A q ) . su b s tra te  d ie le c t r ic  
c o n s ta n t e ,  an d  r e la t iv e  p e rm e a b i l i t y  /i^ as s h o w n  in  F ig u r e  
( la ) .  T h e  m e ta l u s ed  fo r  p r in t in g  th e  r a d ia t in g  p a tch  an d  th e  
g ro u n d  p la n e  are  n o n m a g n e t ic  th e re fo re  th e  p re se n ce  o f  e x te rn a l 
m a g n e t ic  f ie ld  o n ly  a f fe c t s  th e  fe r r it e  m a te r ia l u sed  as su b s tra te  
fo r  p re p a r in g  m ic r o s t r ip  a n te n n a . S o  lo n g  as th e  su b s tra te  is
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e le c t r ic a l ly  th in , e le c tr ic  f ie ld  w i l l  b e  in  z -d ire c t io n  (z a x is  is  n o rm a l w h e re
to  p a tch  g e o m e t r y )  an d  in t e r io r  m o d e s  a re  q u a s i- d is c r e t e  T M ^
Y
Ground plane
Kiaurcl(a). Cjcumelry of RITMA stiucliire wilh coordinate syMcm 
Y
T (x ,y )  = +
cr. =
a n d
i i f  / == 0  
12  i f  otherwise
[ - j  tan  5 )
V Mo
(3)
(4)
(2)
H e r e  c  is  th e  v e lo c i t y  o f  l ig h t  a n d  kg is  th e  p ropagation 
c o n s ta n t  in  fr e e  sp a ce .
F o r  th e  p re s e n t  a n a ly s is ,  an  in s e t fe e d  lo c a t io n  is  obtained 
fo r  fe e d in g  th is  a n te n n a . F o r  th is  p u rp o s e , c o o rd in a te , system 
s h o w n  in  F ig u r e  1 (a ) is  ro ta te d  b y  an  a n g le  45® in  xy -b la n e  as 
s h o w n  in  F ig u r e  1 (b ) a n d  a p r o p e r  fe e d  lo c a t io n  D  ( O q .  0) on 
m o d if ie d  X ,  a x is  is  lo c a te d  in  s u ch  a w a y  th a t in p u t  imptl^dancL 
o f  a n te n n a  m a t c h e s  w i t h  th a t  o f  fe e d  l in e .  T h e  m o d if ie d  
e x p re s s io n  o f  T{x, y )  a f te r  ro ta t in g  th e  c o o rd in a te  sy s te m  w ill be
f  n in x ,  ) f t i n y ,  
cos 'cosi — ^
\  a \  a (5)
w h e re
m ex ies  to  z. T h e  G re e n 's  fu n c t io n  fo r  th e  r ig h t  is o s c e le s  t r ia n g u la r  
g e o m e t ry  w i l l  be  g iv e n  b y  f 12 ] :
DO DO
V ... i,A -^ o*.Vo)^ U * Y )
V 111 V %• \ — m-0n=0 /IX
vI-^ O’-Vq) “   ^ / 2 ' > \ 2+ n ‘’ j n  - a ^ k ^
Tbble 1. Computed antenna parameters of RITMA structure.
= " 3 ' i )  a n d  >’ = ^ U i + ) ' i ) -
T h e  e f fe c t  o f  f r in g e  f ie ld s  is  in c o rp o ra te d  in  the prescni 
a n a ly s is  b y  r e p la c in g  s id e  le n g th  a o f  th e  p a tch  b y  effective 
s id e  le n g th  a^, g iv e n  b y
a ,  = a  + | - = | l . 4 8 8 .
\ ^ r
(6)
Patch size 
( in meters)
Resonant
frequency
(GHz)
Quality 
factor (Qj)
Band-width
(%)
Directivity 
(in dB)
Normal substrate 
Er = 2.32, h = 0.0016 
lanS =0.001
0.05645
2.402
(Calculated) 141.68
0.499
(Calculated)
6.27
(Calculated)
2.402
(Simulated)
0 .500
(Simulated)
6.25
(Simulated)
Ferrite substrate 
e, = 14.78 
h = 0 002 meter 
jUoAl^  = 0.3 Tesla 
Ho =0 .796 X 10^  
Amp/m
LHCP 0 026 1.2 20.01 3.533 4.859
RHCP 0 i0 2 6 , 7547 20.12 3.510 , 4.806
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B y  a p p ly in g  eq s . (1 )  to  (6 ) , f i r s t  th e  th e o re t ic a l a n a ly s is  o f  a 
rITM A  s tru c tu re  o n  a lo w  p e rm it t iv it y  a n d  lo w  lo ss  no n -m agn e tic  
substrate ( £ r  = 2 .3 2 ,  t a n 5  = 0 .0 0 1 )  is  c a r r ie d  o u t b y  u s in g  pa tch  
dimension a  = 0 .0 5 6 4 5 m  an d  su b s tra te  th ic k n e s s  h = 0 .0 0 159m . 
These c o m p u te d  p a ra m e te rs  a re  v a l id a te d  b y  c o m p a r in g  th em  
with those p a ra m e te rs  o b ta in e d  w it h  I E 3 D  s im u la t io n  so ftw a re . 
The feed lo c a t io n  u n d e r  b o th  th e se  te c h n iq u e s  is  k e p t id e n t ic a l 
, t (20.87 m m , 0). T h e  re a l p a rt o f  c o m p u te d  an d  s im u la te d  in pu t 
impedance at th is  fe e d  lo c a t io n  is  c lo s e  to  5 0  o h m s . S o m e  o th e r 
com puted an te n n a  p a ra m e te rs  a re  l is t e d  in  T a b le - 1. C o m p u te d  
and simulated v a r ia t io n s  o f  d i r e c t iv e  g a in  in  u p p e r  h e m isp h e re  
to r  (0  = 0 ) p la n e  a re  s h o w n  in  F ig u r e  2. A  f a ir ly  g o o d  ag reem en t 
between tw o  c u r v e s  v a l id a t e s  th is  p r o c e d u r e  o f  t r e a t in g  a 
R lT M  A  s tru c tu re .
Calculated
T h e  v a r ia t io n  o f  p ro p a g a t io n  c o n s ta n t o f  e le c tro m a g n e t ic  
w a ve s  in  the fe r r ite  m e d iu m  y^= a  + y/3 = }]
w ith  o p e ra t in g  fre q u e n c y  is  s h o w n  in  F ig u r e  3. In  R H C P  m o d e , 
an tenn a  d oe s  no t o p e ra te  in  th e  ra n g e  o f  f re q u e n c y  4  G H z  to  1 1 
G H z  b e ca u se  m o s t o f  th e  p o w e r  is  c o n v e r te d  in to  m a g n e to s ta t ic  
w a ve s  and  a l it t le  p o w e r  ra d ia te s  as u s e fu l p o w e r  in  space . F o r  
L H C P  m o d e , p r o p a g a t io n  c o n s ta n t  in c re a s e s  as o p e r a t in g  
fre q u e n cy  o f  an tenna  in c re a se s . F o r  the p resen t w o rk , co m p u te d  
p ro p a g a t io n  co n s ta n ts  fo r  R H C P  and  L H C P  m o d e s  at o p e ra t in g  
fre q u e n cy  1.5 G H z , a r e  15.81 and  2 5 .1 3  p e r m e te r re sp e c t iv e ly .
Fipurc 2. ('omparison between compuied and siniulalcd E plane directive 
M^in ot aiUenna
W ith o u t c h a n g in g  the  p a tc h  d im e n s io n s ,  the  lo w  lo s s  n o n ­
m agnetic s u b s t ra te  m a te r ia l u s e d  so  fa r  in  th is  th e o re t ic a l 
analysis, is  r e p la c e d  b y  f e r r it e  m a te r ia l Ni^ 0 6 2 ^^ 0 0 2 ^ * ^ 1  9 4 8 ^ 4 ' 
T h e  s u b s t ra te  p a r a m e te r s  o f  a p p l ie d  f e r r i t e  s u b s t r a te  a re  
discussed e ls e w h e re  113]. A  f e r r it e  s la b  m a y  su p p o r t v a r io u s  
li^ uided m o d e s  an d  th e se  p ro p a g a t in g  m o d e s  ge t a t te c te d  in  the  
presence o f  a p p l ie d  m a g n e t ic  b ia s  f ie ld  [14 ]. A  s tro n g e r  b ia s  
field m ay  b e  o b ta in e d  e a s i ly  a lo n g  th e  p la n e  o f  an te nn a  b y  
p la c ing  tw o  p o le  p ie c e s  o f  m a g n e t  in  c lo s e  c o n t a c t  w ith  
substrate. W h e n  p ro p a g a t io n  o f  e le c t r o m a g n e t ic  w a ve s  ta ke s 
place a lo n g  th is  b ia s  f ie ld  in  an  in f in i t e  f e r r it e  h a v in g  tw o  
orthogonal fe e d s , tw o  p la n e  w a v e  m o d e s  n a m e ly  le f t  h and  
c ircu la rly  p o la r is e d  ( L H C P )  m o d e  a n d  r ig h t  h a n d  c ir c u la r ly  
polarised ( R H C P )  m o d e  g en e ra te . T h e  e f fe c t iv e  p e rm e a b ilit y  
) o f  s u b s t r a te  m a t e r ia l  f o r  th e s e  m o d e s  is  c a lc u la t e d  
b illow ing  [ 13]. T h e  re s o n a n c e  f r e q u e n c y  o f  R T M A  s tru c tu re  on  
biased fe r r it e  su b s t ra te  e x c it e d  in  T M ^ ,„  m o d e  is  g iv e n  b y
(7)
Figure 3. Variation of propagation constant of antenna with frequency.
T h e  c o m p u te d  r a d ia t io n  c h a r a c t e r is t ic s  o f  th e  R I T M A  
s tru c tu re  a re  g iv e n  in  T a b le  2. It is  c le a r  f ro m  th is  ta b le  that the  
ra d ia t io n  in te n s ity  o f  an tenn a  is  m a x im u m  in  the  b ro a d  s id e  
d ire c t io n  fo r  b o th  ( 0  = 0 )  and  ( 0  = ;r / 2 )  p la n e s  and  d o e s  no t 
c h a n g e  eve n  on  a p p lic a t io n  o t e x te rn a l b ia s  f ie ld .  T h e  h a lt  p o w e r  
b eam  w id th  is  c a lc u la te d  u n d e r  u n b ia se d  and  b ia s e d  c o n d it io n s  
w h ic h  in d ic a te s  that in  ( 0  = 0 )  p la n e , ra d ia t io n  p a tte rn s  a re  
n ea r ly  o m n i d ire c t io n a l bu t in ( 0  = 7 r / 2 )  p lane , patterns b eco m es
'Hiblc 2. C’omputcd radiation characiensiics.
SNo. Pattern Characteristics 0 - 0  plane 0 -  n f 
plane
Direction of maximum 
intensity (Hq = 0)
Direction of maximum 
intensity under biased condition 
(Hq = 7 % X 10^  Amp / m)
0“
Half Power Beam width Nearly omni 89“
(H„ = 0) directional
Half Power Beam width under LHCP mode; Nearly 84“
biased condition omni directional
(H^ j -  7.96 X 104 Amp / m) RHCP mode: Nearly 
omni directional
80“
Direction of side lobe and 
back lobe if any (H^  0)
-
Direction of side lobe and 
back lobe if any under biased 
condition
(H« » 7.96 X 10* Amp / m)
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l i t t le  m o re  d ir e c t io n a l o n  a p p ly in g  b ia s  f ie ld .  N o  s id e  lo b e s  c a n  
b e  seen  e v e n  o n  a p p l ic a t io n  o f  b ia s  f ie ld .
3. Antenna input impedance and bandwidth
T h e  k n o w le d g e  o f  f ie ld  c o n f ig u ra t io n  a n d  im p e d a n c e  seen  b y  
th e  fe ed  a re  im p o r ta n t  p a ra m e te rs  f o r  e f f ic ie n t  u se  o f  m ic r o s t r ip  
e le m e n ts .  T h e  e x p r e s s io n  f o r  c o m p le x  a n te n n a  im p e d a n c e  
d e r iv e d  in  TM ^ ^  m o d e  in  te rm  o f  v o lta g e  a t the  fe e d  is
(-1)"'^" COS
/la^ l
m rrxn  
cos| “ COS
flTTXn
-------^ I c o s
/  n'N'  m ny\^
\
< K ^ - K t
T h e  v a r ia t io n  o f  re a l p a rt o f  c o m p u te d  in p u t  im p e d a n c e  
R e ( Z , „ ) o f  R I T M A  s tru c tu re  w ith  f r e q u e n c y  is  s h o w n  in  F ig u r e
4 . T h e s e  v a r ia t io n s  a re  o b ta in e d  b y  a p p ly in g  lo w  p e rm it t iv i t y  
subs tra te  ( c ,  = 2 .3 2 ) , u n m a g n e t is e d  fe r r ite  su b s tra te  = 14.78, 
/ fy  = 0 ) and  m a g n e t is e d  fe r r it e  s u b s tra te  w ith  b ia s e d  f ie ld  = 
7 .9 6  X  10* A m p /m ) . U n d e r  th e  unb ia .scd  c o n d it io n  (Hq=Q), fe r r ite  
b a sed  an te n n a  s tru c tu re  b e h a v e s  l ik e  a d ie le c t r ic  p a tch  an te n n a  
d e s ig n e d  o n  a h ig h  p e r m it t iv i t y  su b s t ra te  m a te r ia ls  s in c e  e a ch  
o f  th em  h a ve  a s in g le  re s o n a n c e  p e a k . W it h  n o n -m a g n e t ic  lo w  
p e rm it t iv i t y  su b s tra te , re .sonance  p e a k  is  at 4 .9 9  G H z ,  w h ic h  
s h if t s  to  0 .8  G H z  fo r  unb ia .sed  fe r r it e  b a se d  m ic r o s t r ip  an tenn a . 
O n  a p p ly in g  a D .C .  b ia s  f ie ld ,  the s in g le  re so n a n ce  cu rv e  o b ta in e d  
w ith  u n b ia se d  le r r it e  s u b s tra te  d iv id e s  in  tw o  re .sonance  c u rv e s ,  
o n e  ea ch  fo r  L H C P  m o d e  an d  R F I C P  m o d e  w ith  re s o n a n c e  
f re q u e n c ie s  1.2 an d  0 .7 5  G H z  re s p e c t iv e ly .  T h e  in p u t im p e d a n ce  
o f  a n te n n a  in c re a s e s  o n  in c r e a s in g  a p p l ie d  f ie ld  s tre n g th  as 
s h o w n  in  f ig u re  (5 ). In  L H C P  m o d e  it v a r ie s  f r o m  3 5 .0 2  o h m  to  
5 7 .2 3 o h m  in d ic a t in g  that a n te n n a  ca n  o pe ra te  e f f ic ie n t ly  in  en tire  
ra n g e  o f  a p p lie d  m a g n e t ic  f ie ld  w it h o u t  m a n y  r e f le c t io n s .  In 
c o n t ra ry  in  R H C P  m o d e , a la rg e  v a r ia t io n  in  in p u t  im p e d a n c e  
n e a r o f f  s w it c h  c o n d it io n  in d ic a te s  th a t a n te n n a  c a n  o | ie ra te  in
a limited range of applied magnetic field Le. between s  \ .59:)
X 10  ^Amp/m to 4.77 x lO-*'Amp/m.
Figure 4. Variation of real input impedance of antenna wiih Ircqiu nL^ 
under biased and unbiased conditions.
HqxIO '’Amp/m —
Figure 5. Variation of input impedance of antenna with applied bias fkld 
in TM,, mode of excitation
T h e  v a r ia t io n  in  q u a l i t y  fa c to r ,  d i r e c t iv it y  and  b an dw id th  ol 
fe r r it e  b a sed  R I T M A  s tru c tu re  w it h  a p p l ie d  m a g n e t ic  f ie ld  is 
s h o w n  in  T a b le  3. T h e  to ta l q u a l i t y  fa c to r  o f  an te n n a  has been 
c o m p u te d  b y  d u ly  c o n s id e r in g  d ie le c t r ic ,  m a g n e t ic , conductu i 
and  r a d ia t io n  lo s s e s  in v o lv e d  w ith  a n te n n a  s tru c tu re . It can he 
seen  f r o m  T a b le  1 th a t to ta l Q  fa c to r  o f  a n te n n a  d e s igned  on
Table 3. Variation of different parameters of ferrite based RITMA structure with magnetic field.
a = 0.026m. fr = 14 78, /i = 0 002 meter, = 0 3  Tesla
S No Applied field Quality factor Directivity 
(in dB)
Band width (%)
(X 10^  Amp/m ) LHCP
Mode
RHCP
Mode
LHCP
Mode
RHCP
Mode
LHCP
Mode
RHCP
Mode
1 0 427 20.05 18 95 4 84 4 77 3.526 3.730
2 0.796 20 01 20.12 4.86 4 81 3 533 3.510
3 1.194 19 98 20 06 4 88 4 83 3.539 3.524
4 1 989 19 93 19 98 4 90 4.87 3.540 3 538
5 2.785 19 90 19.93 4.92 4.90 3.553 3.547
6 3 581 19.88 19.90I, 4 93 4 92 3.557 3.553
7 4.377 19.87 19.88 4.94 4.93 3 561 3.557
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ferrite substrate is quite low in com parison to antenna designed 
on non-magnetic substrate. This indicates that ferrite-based 
antenna is radiating m ore effectively. The quality factor o f 
antenna in LHCP mode systematically decreases with increasing 
app lied  magnetic bias field how ever in RH CP mode it increases 
first but later decreases on increasing applied magnetic field.
The variation o f bandw idth w ith applied magnetic field as 
shown in Table 3, indicates in LHCP mode bandwidth of antenna 
increases on increasing the applied m agnetic field however in 
KHCP mode bandw idth o f  antenna first decreases but later 
marginally increases. The maximum bandwidth up to 3.73% may 
be achieved for R H CP m ode at DC bias field = 4.27 x in'* 
Amp/m. It slates that by applying a ferrite material in place of a 
non magnetic material in antennj|i designing, a higher bandwidth 
may be achieved. No large change in the directivity of antennas 
lecorded however antenna in LHCP mode is little more directive 
than in RHCP mode.
4. Conclusions
T h e  radiation properties of a right isosceles triangular microstrip 
antenna printed on a m agnetically biased ferrite substrate are 
investigated theoretically  in this paper and som e important 
lesuits arc recorded. As show n in Table I, instead o f applying 
l o w  permittivity nonm agnetic, i.sotropic substrate, an externally 
magneti7.ed ferrite substrate may be used in antenna preparation 
in  get better radiation characteristics, U nder application of 
p m p e r  magnetic field and circular fH)larization mode, low value 
o l  (.piality factor and large directivity  can also be obtained. 
S e v e r a l  Other results including o ff  switch limitations of this 
antenna are also reported in this paper.
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